H ALL and Ettinger (1933) suspected that distension of proximal part of an occluded pulmonary artery by cardiac ejections might be a trigger of systemic hypotension in pulmonary thromboembolism. They tried to occlude unilateral pulmonary artery by a rubber cot in cats, but failed to notice any changes in the femoral arterial pressure and heart rate.1) Schwiegk (1935) succeeded to provoke the systemic hypotension and bradycardia during elevation of the pulmonary arterial pressure in lung preparation, and named the phenomenon as Lungenentlastungsreflex.
2) The reflex has been confirmed by many investigators and the baroreceptors have been found not only in arterial side but also in venous side of the pulmonary vessels .3),4) Meanwhile it had been accepted that occlusion of unilateral pulmonary artery did not effect on the pulmonary arterial pressure if residual vascular beds were intact. Carlens (1951) and Brofman (1957) reported that persistent rise in the pulmonary arterial pressure was observed as a physiological phenomenon during occlusion of unilateral pulmonary artery by a balloon. The evidence has been confirmed, but the mechanism remains unexplained.
This report describes effects of distension of unilateral pulmonary vessels on the pulmonary and femoral arterial pressures in anesthetized dogs.
Part 1. Experiment in Closed Chest Dog METHODS
Ten mongrel dogs were used (Table I ). An initial dose of 25mg. per Kg. of Nembutal and periodical additional doses of 50 mg. were given intravenously. A triple lumen catheter with an inflatable balloon was inserted to the pulmonary artery. The balloon was inflated in unilateral pulmonary artery. The pulmonary arterial pressure was recorded through a side bore. The femoral artery was cannulated to record the femoral arterial pressure. The intravascular pressures were measured by straingauge manometers and recorded simultaneously on a direct writing recorder. The balloon was inflated with 76% Urografin under fluoroscopy. Silhouettes of the inflated balloon projected on a fluoroscopic board were sketched and the maximal diameters of the silhouettes were measured as a parameter of distension. Meanwhile the distance between the fluoroscopic board and the dog was kept constant and the location of the balloon in a vessel was fixed in each series of experiments. The inflation was repeated over again after following procedures: Changing mode of inflation and deflation, oxygen inhalation, surgical vagotomy and sympathectomy. In 4 dogs the cardiac output was determined by means of I131 labelled human serum albumin dilution before and during inflation of the balloon. The indicator was injected via a jugular vein and serial blood samples were obtained through a polyethylene tube inserted in a femoral artery. Following Hamilton-Stewart method, the cardiac output was calculated.
RESULTS
When a balloon was inflated in a branch of the pulmonary artery, the pulmonary arterial pressure-systolic, diastolic and pulse pressure-always rose above the original values. The rise was maintained at the constant values during the distension. Following deflation the pulmonary arterial pressure fell rapidly to the previous value (Fig. 1) . The rises were independent on velocity or mode of inflation. Stepwise inflations elicited stepwise rises in the pulmonary arterial pressure. The rises were independent on height of the initial pressure. Increase in the mean pulmonary arterial pressure was roughly proportional to volume of injected Urografin and more closely to increment in the diameter of the balloon ( Fig. 2 and Table I ). The maximal changes of the mean pulmonary arterial pressure ranged in 3-14mm.Hg (average 6) or 23-52% increase (average 37) above the control values (Table  I ). The rises were not eliminated by oxygen inhalation , bilateral cervical Table  I . Effects of Unilateral Pulmonary V* vagotomy S* sympathectomy As to calculate the frequency of changes in the femoral art. pr., cases in which the injected volume of fluid was less than 1ml. were omitted. (Table I) . Following the transient hypotension slight persistent hypotension was occasionally noticed (Fig. 1 ). The cardiac output showed about 9% decrease under the control values (Table II) . 
METHODS
Twelve dogs were used (Table III) . Condition of anesthesia was the same as that in part 1. Catheters were introduced into left pulmonary artery and a femoral artery to record the intravascular pressures. Right chest was opened at the sixth intercostal space. In 10 dogs an inflatable balloon attached to a catheter inserted into right branch of the pulmonary artery through an incised wall and a part of the pulmonary artery was distended by the balloon under direct observation. All the other branches of right pulmonary artery were ligated so that right lung was excluded from pulmonary circulation. In 5 dogs the balloon was inserted into a right pulmonary vein. In 1 dog the cardiac output was determined by an indicator dilution method. In another dog the instantaneous aortic flow was recorded with an electromagnetic flowmeter attached around the ascending aorta. The balloon was inflated by 0.5-3.0ml. of saline. Distensions were repeated after bilateral cervical vagotomy, injection of Ansolysen (10mg./Kg.) or TEAB (30mg./Kg.), local infiltrative injection of procaine and local application of xylocaine jelly.
RESULTS
During the distension persistent rise in the pulmonary arterial pressure was always observed (Fig. 4) . Increase in the mean pulmonary arterial pressure correlated with volume of injected saline. The maximal changes ranged in 2-13mm.Hg (average 7) or 14-61% increase (average 34) above the control values (Table III) . During the distension of a pulmonary vein persistent rise in the pulmonary arterial pressure was also observed (Fig. 5) . The rises were less remarkable than those during pulmonary artery distension . The maximal changes in the mean pulmonary arterial pressure ranged in 1-6 mm.Hg (average 3) or 9-36% increase (average 22) above the control values . The rises were not affected by bilateral cervical vagotomy , injection of sympathetic ganglion blocking drugs and local anesthesia of the pulmonary arterial wall (Figs. 6 and 7) . Jap. Heart J. September, The rise in the pulmonary arterial pressure was less remarkable, meanwhile the decrease in the femoral arterial pressure became more remarkable.
Before After vagotomy and Ansolysen 10mg./Kg. intravenous inj. By distension of unilateral pulmonary artery transient drop in the femoral arterial pressure was often observed (Fig. 5) . The maximal changes in the mean femoral pressure ranged in 1-8mm.Hg (average 5) or 2-12% decrease (average 7) below the control values (Table III) . Following it slight persistent hypotension was sometimes observed during the distension and rebounded rise was after release of the distension (Fig. 5) . The maximal changes in the mean pressure of the persistent slight hypotension ranged 3-7mm.Hg (average 5) or 5-9% decrease (average 6) under the control values (Table III) . During distension of a pulmonary vein, the drops in the femoral arterial pressure became more remarkable and more easily reproducible than those during distension of the pulmonary artery. The maximal changes of the transient hypotension ranged in 8-24mm.Hg (average 17) or 9-27% decrease (average 19) under the original values, and those of the following persistent hypotension ranged in 7-16mm.Hg (average 10) or 9-18% decrease (average 12) under the control values (Table III) . During distension of the pulmonary vessels the cardiac output and the instantaneous aortic flow showed slight sustained decrease ( Fig. 8 and Table II ). The femoral hypotensions were not affected by bilateral cervical vagotomy, injection of sympathetic ganglion blocking agents and local anesthesia of the pulmonary arterial wall. In some dogs persistent slight hypertension could be seen instead of the persistent hypotension ( Fig. 6 and Table III ). The persistent hypertension and the rebounded rise in the femoral pressure on release of the distension were eliminated by injection of sympathetic ganglion blocking agents (Fig. 6) 
METHODS
Five dogs were used. Condition of anesthesia was the same as that in part 1. Right chest was opened.
Right lower pulmonary artery was cannulated by a polyethylene tube. A tip of the tube was advanced upstream and fixed in left pulmonary artery.
Another end of the tube was connected to a blood reservoir through a heat-exchanger and a perfusion pump. Inferior and superior caval veins were cannulated and venous blood was collected into the blood reservoir.
Right atrium was also cannulated to be drained blood from coronary sinuses. Left lung was perfused under constant flow rate by a perfusion pump from the blood reservoir. The femoral arterial pressure was measured through a catheter.
The perfusion pressure was recorded through a side tube placed in the circuit. A branch of right pulmonary artery apart from the circuit was distended by an inflatable balloon with 2ml. of saline.
RESULTS
Under perfusion of left lung at a constant flow rate, distension of a branch Vol. 6 No.
5 Fig. 9 . Experiment in a perfused lung preparation; During distension of a branch of right pulmonary artery perfusion pressure showed slight but sustained elevation.
of right pulmonary artery caused slight but persistent elevation in the perfusion pressure (Fig. 9) .
DISCUSSION
During distension of unilateral pulmonary artery elevation of the pulmonary arterial pressure was always observed. The pressure response was rapid and maintained steadily during the procedure.
The maximal change in the mean pulmonary arterial pressure is about 6mm.Hg or about 30% increase above the control value. This accords with previous reports.5)-10)
Increase in the mean pulmonary arterial pressure was proportional to degree of distension of the pulmonary artery, expressed by the volume of injected fluid or the diameter of the inflated balloon. It is reported that the pulmonary arterial pressure shows variable changes during unilateral pulmonary artery occlusion by an inflation of a balloon. We think that variability of those results is due to difference of net effect of the inflated balloon as to stretch vascular walls. Even if the volume of fluid injected into a balloon is same, the degree of distension of vascular wall may be different.
This was the reason why we took the maximal diameter of the inflated balloon as a parameter of the distension.
As the mechanism of the pulmonary hypertension, increase of blood flow in the unoccluded lung may be naturally thought.
However, there are some evidences against this explanation.
Osorio noticed the similar hypertensive response by distension of unilateral pulmonary artery without obstruction using a special device.7) He reported that the response could be eliminated by denudation of the hilum.7) Aramendia observed that the response could be abolished only by local procaine anesthesia of the vascular wall. 8 In some dogs we noticed persistent slight hypertension instead of the persistent hypotension. The hypertension could be abolished by sympathetic ganglion blocking agents. This is considered to be caused by either increase of cardiac output or excess of vasoconstriction.
SUMMARY
(1) Unilateral pulmonary artery or vein was distended by a balloon in closed and open chest anesthetized dogs. A part of the experiments was performed under perfusion of unilateral lung in situ. Persistent elevation in the pulmonary arterial pressure is always observed during distension of unilateral pulmonary artery as well as a pulmonary vein. Transient fall in the femoral arterial pressure is often observed at the initial stage. Following it, persistent slight decrease during the distension and rebounded rise after release of the distension are sometimes observed.
(2) The increase in the mean pulmonary arterial pressure correlated with degree of distension of the pulmonary vascular wall. The maximal change in the mean pulmonary arterial pressure is about 6mm. Hg or about 37% increase in arterial distension and about 3mm. Hg or about 22% increase in venous distension. The fall in the femoral arterial pressure correlates with changes in the intraluminal pressure of the inflated balloon. The maximal change of the transient hypotension is about 6% decrease in arterial distension and about 19% decrease in venous distension. The maximal change of the following persistent hypotension is about 3% decrease in arterial distension and about 12% decrease in venous distension. The cardiac output shows about 9% reduction.
(3) The pulmonary hypertension is concluded to be due to pulmonary vasoconstriction elicited by stimulation of stretch receptors in the pulmonary artery and vein. Participation of the vagal and sympathetic pathways is not proved. The changes in the femoral arterial pressure are also concluded to be due to both decrease in vascular tone and decrease of the cardiac output.
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